IDOUX. Can. J. Chem. 63, 3037 (1985). A series of activated polyhalobenzenes and polyhaloheteroaromatic compounds have been reacted with a variety of fluoroalkoxide anions. In most cases, regioselective monosubstitution or polysubstitution was observed. The nature of these monosubstitution and polysubstitution reactions is described. 3037 (1985).
In a previous paper (1) we reported that activated monohalobenzenes and monohaloheterocycles could be reacted with fluoroalkoxide anions to produce the corresponding fluoroalkyl ethers. Such factors as the effect of solvent, time, temperature, nature of the leaving group, nature of the nucleophile, and nature of the activating group were discussed. Because of the diverse and important properties of organofluorine compounds (2) and since some of our previously reported fluoroalkyl ethers had been converted into "biologically active" derivatives,' we thought it would be useful to define further and delineate the scope of this reaction with regard to polyhalogenated substrates.
In related work, Tiecco et al. (3) have recently studied the reaction of polyhalogenated, non-activated benzenes with large excesses of alkanethiol anions in HMPA. In most of the examples reported, polysubstitution was obtained.
Because of our interest in this area we decided to examine the following factors with regard to polyhalocompounds: 1. the feasibility of polysubstitution; 2. the nature of the regiochemistry of a complete isomeric series (six isomers) of activated dihalobenzenes; 3. the halogen selectivity in the reaction; 4. the use of heteroaromatic substrates in the reaction; 5. the effect of the nucleophile in such reactions. The results of this study are reported in the subsequent sections.
Results and discussion
Reactions of activated dihalobenzerzes with sodium 2,2,2-trifluoroethoxide Our previous studies (1) involving the reaction of o-, m-, and ''This work has been presented in part at the Seventh Gulf Coast Chemistry Conference, Pensacola Beach, Florida, September 20-22, 1984. Our preliminary findings were published in ref. 5 .
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p-chlorobenzonitriles and chloronitrobenzenes with sodium 2,2,2-trifluoroethoxide indicated that reaction at all three positions was possible. One would expect, however, that the relative order of reactivity might be ortho > p a r a > meta. In fact, if one examines the reaction of 2,3-dichloronitrobenzene with one equivalent of 2,2,2-trifluoroethoxide (Table l) , the primary product results from substitution at the 2-position. In a like manner, 3,4-dichloronitrobenzene (lg) gives mono substitution at the 4-position, and 2,5-dichloronitrobenzene (Id) monosubstitutes at the 2-position. When the potential reaction sites were chemically equivalent, such as for 2,6-dichlorobenzonitrile ( l e ) and 33-dichlorobenzonitrile (li), monosubstitution was also observed. When 2,4-dichloronitrobenzene (lb) was examined under these conditions, a mixture of ortho and para substitution products was obtained in a ratio of 75:25, respectively. In order to make unambiguous structural assignments in these cases, the mono(trifluoroalkoxylated) substances (compounds 2a, 2c, 2cr, 2f, 2g, 2i, 2j, and 2k) were subjected to catalytic hydrogenolysis (4) to give the non-halogenated derivatives (Scheme 1).
Compounds such as 9 had been previously prepared (1) from the corresponding monohalo compounds and, therefore, a comparison by tlc and nmr of the various hydrogenolysis products enabled a straightforward structural assignment. 2-Chloro-6-fluorobenzonitrile (1 f ) represented an interesting substrate in that it underwent regioselective reaction at the fluorine bearing carbon which provided a useful application of our previously reported (1) leaving-group reactivity study (NO2, F > C1 > Br > I). Such a result, therefore, demonstrates the feasibility of selectively displacing one halogen in the presence of a second but different halogen.
The isomeric, activated dihalobenzenes were subsequently subjected to reaction with excess sodium 2,2,2-trifluoroethoxide. "All reactions were run for 15 h in DMF or HMPA at 150°C under nitrogen. These solvents (DMF and HMPA) are, for all practical purposes, interchangeable. The yields in parentheses refer to purified products. All products were subjected to gc analysis on a Shimadzu GC-7A gas chromatograph with a 118 in. X 6 ft 3% SB-2401 column at 100-200°C. Under these conditions, the products of the reactions were found to be greater than 90% pure. The only significant impurity which was found in some of the crude reaction mixtures was the respective starting material. When polyfluoroalkoxylation was desired, 2.2-3.0 equivalents of sodium hydride and 2,2,2-trifluoroethanol were used relative to the amount of the dihalobenzene or dihaloheteroaromatic substrate. the respective di(trifluoroalkoxy1ated) derivatives. 3,4-Dichloronitrobenzene (lg) was found to undergo only monosubstitution which indicated that the trifluoroalkoxy group at the 4-position was having a deactivating effect with regard to further reaction. 3,5-Dichlorobenzonitrile (li) gave monosubstitution also. Perhaps the most interesting and unusual substrate studied was 2,3-dichloronitrobenzene. This material produced 2,3-di(2,2,2-trifluoroethoxy)chlorobenzene (2b) upon reaction with excess trifluoroethoxide ion. This structural assignment was based on nmr, ir, ms, and combustion analysis data. As a consequence, molecular orbital calculations with full geometric optimization, which indicate that the nitro group is distorted out of the plane of the benzene ring by 87 degrees, have been carried out on 3-chloro-2-ethoxynitrobenzene ( Fig.  1 ). Based on the magnitude of the LUMO coefficients, these calculations further indicate that the preferred site of nucleophilic attack is the carbon bearing the nitro group. Presumably, the chlorine atom exhibits a buttressing effect on the alkoxy group and prohibits it from moving away from the nitro group; as a result, the nitro group must be non-planar with the ring in order to reduce steric repulsions. Work is now in progress to determine if this is a normal reaction for this system with other nucleophiles. 2,5-Dichloronitrobenzene (Id) reacted with excess trifluoroalkoxide to give a gross mixture of products and this transformation was determined to be of little synthetic use.
Reaction of polychloroheterocycles with NaOCH2CF3
The purpose of this study was to examine the nature of mono(trifluoroa1koxylation) and poly(trifluoroalkoxylation) reactions of polyhaloheterocycles and the substrates studied are reported in Table 2 . 3,6-Dichloropyridazine (3a) was found to undergo cleanly both monosubstitution and disubstitution, depending on the amount of trifluoroalkoxide used. The nmr spectrum of the monosubstituted compound was easily differentiated from that of the disubstituted derivative since the monosubstituted pyridazine had two doublets in the aromatic region due to two, non-equivalent, adjacent, heteroaromatic hydrogens. The disubstituted compound was symmetric and, therefore, a singlet integrating for two hydrogens was observed in the aromatic region of the nmr spectrum. 2,4-Dichloropyrimidine (3b) was also found to undergo polysubstitution cleanly but apparently this substance was too reactive to give a single monosubstitution product. 4,7-Dichloroquinoline (3c) underwent selective monosubstitution at the 4-position. This was verified by catalytic hydrogenolysis of the monosubstitution product and subsequent nmr comparison of the material with the 7-chloro-4-(2,2,2-trifluoroethoxy) quinoline (4d). Analysis of the nmr splitting patterns for hydrogens at positions two and three indicated no change from the set of doublets observed in the starting material. The 4,7-dichloroquinoline (3c) was found to be unreactive with regard to further 'ubstitution at the 7-position when subjected to reaction with excess trifluoroalkoxide ion. 2,4,6-Trichloropyrimidine (3d)
represented an interesting example in that it was found to undergo substitution at all three positions to give a tris-(trifluoroalkoxylated) derivative. The final example studied was 2,3-dichloro-5-trifluoromethylpyridine (3e) which was found to react selectively at the 2-position.
Reaction of 3,4-dichloronitrobenzene and 3,6-dichloropyridazine with various sodium fl~toroalkoxides We had previously found (1) that fluoroalkoxide anions possessing more than four fluorines were relatively unreactive toward 4-chlorobenzonitrile. We decided to extend this study to 3,4-dichloronitrobenzene in order to determine the effect of additional halogens on the aromatic substrate. As indicated in Table 3 , I , ] , 1-trifluoroisopropoxide and 2,2,3,3-tetrafluoropropoxide reacted cleanly with 3,4-dichloronitrobenzene at the 4-position at room temperature in HMPA. Presumably the increased activating effect of the nitro group over the nitrile and the presence of an ortho chlorine allows this transformation to take place at room temperature. Perhaps even more interesting, 2,2,3,3,3-pentafluoropropoxide and 2,2,3,3,4,4,4-heptafluorobutoxide reacted with 3,4-dichloronitrobenzene at the 4-position also, albeit at a significantly higher temperature. Both of these alkoxide ions were found to be unreactive with 4-chlorobenzonitrile in our previous study. The significance of the reaction of the latter two nucleophiles is that more highly fluorinated alkoxide anions should also undergo such reactions since inductive effects would be expected to be negligible over a five-atom distance. Therefore, there should in principle be no limitation on this reaction based on the number of fluorines on the nucleophile if one chooses a sufficiently reactive aryl halide.
In order to determine the nature of polysubstitution reactions for such nucleophiles, the reaction of 3,6-dichloropyridazine with excess fluoroalkoxide anion was studied. As indicated in Table 4 , 1, I , 1-trifluoroisopropoxide and 2,2,3,3-tetrafluoropropoxide were found to give polysubstitution in DMF at 150°C. When dioxane was used as the solvent, both 2,2,3,3,3-pentafluoropropoxide and 2,2,3,3,4,4,4-heptafluorobutoxide were also found to undergo successful polysubstitution reactions. These latter two reactions proved to be of particular significance since they demonstrated that lower reaction temperatures (100°C) and less polar solvents could be successfully Can. J. Chem. Downloaded from www.nrcresearchpress.com by Robert Woodruff Lib on 08/01/14
For personal use only. Table I . "These reactions were run in dioxane, for I uncomplicated and unambiguous nmr spectral properties. All reaction products gave nmr, ir, and ms spectra consistent with their assigned structure and their homogeneity was determined by the use of glc or tlc techniques.
3-Chloro-4(2,2,2-tr~Juoroetho.ry)nitrobenzene, 2i
A dry, three-necked round-bottomed flask equipped with a condenser, thermometer, rubber septum, and magnetic stirrer was placed under a nitrogen atmosphere. Into the flask was placed 1.37 g (0.0286 mol) of a 50% sodium hydride -mineral oil mixture which was subsequently washed with hexane. To the sodium hydride was added 125 mL of DMF (dried over 4A molecular sieves) and 2.86 g (0.0286 rnol) of 2,2,2-trifluoroethanol, respectively. The mixture was allowed to stir for 20 min and 5.00 g (0.0260 rnol) of 3,4-dichloronitrobenzene was added in one portion. The resulting mixture was heated at reflux (150°C) for 18 h, cooled to room temperature, and the solvent was removed in vacuo. The residue was carefully diluted with 100 mL of ice water, extracted with ether (3 x 100 mL), and the combined extracts were washed with water (3 X 30 mL) and dried over anhydrous magnesium sulfate. After removing the drying agents, the organic phase was concentrated in vacuo to yield 5.30 g of a dark liquid. This material was distilled (Kugelrohr) to give 3.25 g (58% yield) of asolid, bp77-78"Cat0.4Torr(I Torr = 133.3 Pa)and mp48-49°C. 2-Chloro-4-(2,2,2-tr~Juoroethoxy)nitrobenere (2c) and 4-chloro-2-(2,2,2-trifluoroethoxy)nitrobenzer~e, 2c' This reaction produced a mixture of para (2c) and ortho (2c') substitution products as determined by glpc analysis. The relative composition was determined to be 75% of the ortho substitution product (2c') and 25% of the para substitution product (2c): bp (mixture) 68-72°C (0. 3-chloro-4-(2,2,2-tr1fluoroetho.ry)benzo- nitrile, 2j Into a Parr, low pressure, hydrogenation bottle was placed 0.300 g of 3-chloro-4-(2,2,2-trifluoroethoxy) benzonitrile, 100 mL of anhydrous methanol, 0.585 g of anhydrous sodium acetate, and 0.200 g of 5% Pd on carbon. This mixture was then placed in a Parr hydrogenation apparatus and evacuated several times to remove any traces of oxygen. Hydrogen was introduced into the reaction vessel until a pressure of 55 psi (1 psi = 6.89 kPa) was reached. The resulting mixture was shaken for 4 h, at which point a constant pressure was obtained. The system was then evacuated for 15 min to remove hydrogen and the Pd on carbon was removed by filtration. The filtrate was concentrated in vncuo and the residue was partitioned between water (50 mL) and chloroform (50 mL). The chloroform phase was dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was subjected to nrnr, ir, and tlc analysis (50% ethyl acetate, 50% chloroform on Silica gel 7GF) and subsequently compared with an authentic sample (I) of 4-(2,2,2-trifluoroethoxy) benzonitrile. The crude residue was found to correspond to the authentic sample under these conditions of analysis. Compounds 20, 2c, 2c1, 2 f, 2g, and 2k were treated in a similar fashion and compared with the appropriate authentic samples (I). In cases where the authentic samples were nitro compounds, these standards were also subjected to hydrogenolysis under the above conditions in order that direct comparisons (nrnr, ir, and tlc) could be made. In all of the examples studied, the hydrogenolysis products and the respective authentic samples were found to be identical. Compound 4d, Table 2 , was also subjected to analogous hydrogenolysis conditions.
